The output of acid from an innervated canine gastric pouch is directly proportional to the nitrogen content of meals entering the stomach (Saint-Hilaire, Lavers, Kennedy, and Code, 1960) . The buffering power of meals also depends on their protein content. High protein meals thus stimulate much acid secretion by the gastric mucosa and also buffer the acid secreted. The acidity of the gastric contents is therefore less than that of the pure gastric juice secreted by a pouch (Kahn and Yaure, 1924) .
In patients with duodenal ulcer taking food the acidity of the gastric contents tends to be high for a greater proportion of the time than in normal subjects (James and Pickering, 1949) . To shorten these periods of high acidity, opposing suggestions have been made about diets: a low protein-high carbohydrate diet has been recommended to reduce acid secretion (Dekkers, 1956 ) and a high protein diet has been advocated to buffer the acid secreted (Cleave, 1962) . The experiments reported here were designed to test the effect on the acidity of the gastric contents of altering the ratio of protein to carbohydrate in equicaloric meals.
METHOD OF STUDY
The general methods of investigation and of analysis of the results were as described previously (LennardJones and Babouris, 1965) . Four experiments were performed and these will be described separately. EXPERIMENT 
PALATABLE EQUICALORIC DIETS STUDIED DURING WAKING
HOURS Fourteen patients with duodenal ulcer were studied, eight given diets on two days of approximately 1,800 Cals and six given diets on two days of approx-'Part of this work was included in a thesis submitted by one of the authors (J.E.L.-J.) (Lennard-Jones, 1964) . imately 2,300 Cals. A high protein diet was given on one day and a low protein diet on another. The order in which the two diets were given was alternated from patient to patient. The composition of the diets is shown in Table I Table II . It will be seen that the proportion of samples in the range pH 1.6-2.0 tended to be less, and that the proportion in the ranges less acid than pH 2.6 tended to be greater with the high than with the low protein diet.
The mean acidity This is shown in Figs. 1 and 2 at each half hour between 8 a.m. and 10 p.m. It will be seen that after each meal the acidity tended to fall to a lower level and to rise more slowly with the high than with the low protein diet. The differences are more obvious with the 2,300 Cal than with the 1,800 Cal diet but no conclusion can be drawn from this as different patients were studied in the two experiments.
Differences between pH values at corresponding times in the same patient The pH value of each sample obtained with the low protein diet has been subtracted from the pY value of the sample obtained from the same patient at the corresponding time with the high protein diet. The mean differences and significant departures from zero are shown in Table III . The acidity tended to be less with the high than with the low protein diet for one hour after lunch and for two and a half hours after supper with the 1,800 Cal diet; for one hour after breakfast, and one and a half hours after lunch, one hour after tea, and two and a half hours after supper with the 2,300 Cal diet. 177 The mean acidity This, at various times after the two meals, is set out in Figure 3 . The acidity fell to a lower level and rose more slowly after the meal containing much protein than after the meal containing less protein. Mean differences between the samples at corresponding times departed significantly from zero, the acidity being lower with the meal containing most protein, at 30 (P< 002), 60 (P< 0.01), and 90 (P< 005) minutes after the start of the meal.
EXPERIMENT 3 REFINED AND UNREFINED MAIZE It has been suggested that the consumption of highly refined cereals, from which protein has been removed, is an aetiological factor in the development of peptic ulcer (Cleave, 1962) . The effect of unrefined maize meal (10 g protein/100 g) and of maize cornflour (0-5 g protein/100 g) on the acidity of the gastric contents has therefore been studied. The mean acidity of the gastric samples after the two meals is shown in Figure 4 . The acidity fell to a lower level and rose more slowly after the unrefined maize meal than after cornflour. The mean differences between corresponding samples departed significantly from zero, the acidity being less with the unrefined than with the refined cereal, 30 minutes after the meal (P< 0 01). The mean acidity of the samples at different times after the meal is shown in Figure 5 tended to fall to a lower value and to rise more slowly after the brown bread which contained slightly more protein than the white bread. Mean differences between corresponding samples departed significantly from zero, the acidity being less after the brown bread, 30 minutes after the start of the meal (P< 001).
DISCUSSION
From the work of Schule (1895) The conclusion of Woldman et al. (1948) that the initial buffering of gastric acid by protein is followed by a high peak acidity was based partly on a comparison between the fasting value and the acidity 45 minutes or more after a drink containing 25 g of protein hydrolysate in water. In the present observations, the peak acidity three to four hours after breakfast was apparently greater than the fasting value. However, the peak acidity at this time was not obviously related to the protein content of the preceding meal. Woldman and his colleagues also observed higher and higher acidities after successive drinks of protein hydrolysate. In the present study the peak acidities before lunch, tea, and supper were similar. The acidity at these times was not consistently higher with the diets containing most protein and differences between the peak acidities observed can be attributed to the error of the method.
Malhotra (1964) suggests that the saliva secreted during mastication buffers gastric acid and that foods which are swallowed with little or no mastication become mixed with little saliva and therefore buffer less acid. The consistency of a meal may thus affect the subsequent acidity of the gastric contents. In the first experiment the diets containing the most carbohydrate, because of their high sugar content, tended to have a more liquid consistency than the diets containing most protein. In the second experiment, this factor was taken into account and meals equal not only in caloric equivalent and fat content, but also in solid and liquid constituents, were tested. As in the first experiment, the acidity of the gastric contents fell to a lower level and rose more slowly after the meal containing more protein than after the meal containing less protein, suggesting that the proteincontent of the meal,aswell as the consistency, affects the subsequent acidity of the gastric contents.
Cleave (1962) (1962) gastric contents falls to a lower level and rises more slowly after taking unrefined maize than after taking cornflour. Since the staple cereal of wcstern countries is wheat, our fourth experiment concerned two types of bread. There is little difference in protein content between white and wholemeal bread. White bread was therefore compared with brown bread made of flour of a similar extraction rate to which had been added a supplement of wheat germ. The results of this experiment showed that the acidity of the gastric contents was less and rose a little more slowly after the brown bread, which contained slightly more protein than the white bread. The experiments described support the hypothesis that a diet rich in protein reduces the acidity of the gastric contents and suggest that the duration of high acidity in the stomach is less during waking hours when a high rather than low protein diet is taken. The observations of Gillespie (1959) , Woodward (1960) , and others suggest that the stomach continues to secrete acid until the acidity of the antral contents rises to a critical level of about pH 1.5 when gastric secretion is inhibited. The apparent stimulatory effect of protein on gastric secretion observed by Saint-Hilaire et al. (1960) 
